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1. PURPOSE. mis advisory c i r c u l a r  (AC) enphasizes t he  s a f e t y  hazards oi 
pr-tained single-engine a i r c r a f t  exhaust systems ( rec iproca t ing  
powerplants) and h igh l igh t s  p o i n t s  a t  which exhaust system f a i l u r e s  occur. 
Fur ther ,  it provides information on t h e  kind of problems to be expected and 
r e m e n d s  t h e  performance of ongoing prevent ive maintenance and maintenance 
by p i l o t s  and mechanics, respect ively.  

2. BACKGROUND. Malfunction or Defect Report, Federal Aviation Administration 
(FAA) Form 8010-4, subni t ted  by a i r c r a f t  m e r s / o p e r a t o r s  and maintenance 
personnel shows that the re  is an upward trend i n  exhaust system f a i l u r e s  d u r i q  
t h e  l a s t  5 years .  

a. Review of accident / incident  r epo r t s  revea l  t h a t  t he re  have keen numerous 
f a t a l i t i e s  and i n j u r i e s  to p i l o t s  and passengers as a r e s u l t  of p w e r p l a n t  
exhaust system f a i l u r e s .  Probable cause f a c t o r s  included: 

(1) Occupants became incapac i ta ted  due to carbon mnoxide in toxica t ion ;  

( 2 )  Engine malfunct ions/fai lures;  

( 3 )  Engine nacelle axrpartment f i r e s ;  

( 4 )  A a n b i n a t i o n  of t he  above. 

b. In  an e f f o r t  to prevent these  accidents / incidents ,  the  FAA and the  
a i r c r a f t  manufacturers have, aver  t he  years ,  taken various measures to reduce 
and/or e l imina te  these problems. For example, the  FAA has issued severa l  
a i rwor th iness  d i r e c t i v e s  (AD'S) on c e r t a i n  make and rrodel a i r c r a f t  requi r ing  
s p e c i f i c  maintenance and inspect ions t o  be performed on t he  exhaust system a t  
spec i f i ed  time i n t e r v a l s .  

3.  RELATED READING MATERVU;. Several  X's have k e n  p lb l i shed  which m n t a i n  
important information to f a m i l i a r i z e  pilots/mechanics performing d a i l y  and 
p r e f l i g h t  inspec t ions ,  checks, and required o r  r e m e n d e d  maintenance. 

a .  These X's include: 

( I )  AC 20-106, A i rc ra f t  Inspect ion f o r  t he  General Aviation Ai rc ra f t  
Owner (SN 050-007-00449-4). 



( 2 )  AC 43.13-lA, Acceptable Methods, Techniques and P rac t i ce s ,  A i r c r a f t  
Inspec t ion  and Repair (SN 050-007-00461-3). 

( 3 )  AC 65-12A, Airframe and Powerplant Mechanics b w e r p l a n t  Handbook 
(SN 050-007-00373-1) . 

( 4 )  AC 20-32B, Carbon Monoxide (CO) Contamination i n  A i r c r a f t  - 
Detect ion and Prevention. 

( 5 )  AC 43-16, General Aviation A i m r t h i n e s s  Alerts. 

( 6 )  AC 43-12, Prevent ive Maintenance. 

Note: With the except ion of AC's 43-12, 43-16, and 2C-32B, a l l  X's 
shown above are f o r  sale by the Superintendent of Dxwnents, U.S. 
Government P r i n t i n g  Off ice ,  Washinqton, D.C. 20402. AC 43-16 is 
a v a i l a b l e ,  by reques t ,  from t h e  U.S. Department of Transportat ion,  
FAA F l i g h t  Standards National F ie ld  Off ice ,  AFD-500, P. 0. 
Box 25082, Oklahoma City,  Oklahana 73125. Advisory Ci rcu la r  43-16 
is also a v a i l a b l e  f o r  review a t  any l o c a l  FAA F l i g h t  Standards 
District M f i c e  and conta ins  a a m p i l a t i o n  of a i r c r a f t  s e rv i ce  
experience problems reported to t h e  FAA on the  Malfunction or Defect 
Report,  FAA Form 8010-4. AC's 20-32B and 43-12 a r e  ava i l ab l e  from 
t h e  U.S. Department of Transportat ion,  Publ ica t ions  Sect ion,  M-443.1, 
Washington, D.C. 20590. 

b. A i r c r a f t  manufacturers publ ish s e r v i c e  letters, information let ters,  
s e r v i c e  b u l l e t i n s ,  and maintenance manuals wfiich inform the  av i a t i on  pub l i c  on 
t h e  recommended maintenance, prevent ive maintenance, and how to co r r ec t  exhaust 
system problems. 

4. SAFETY HAZARDS. 

a .  FAA's s t u d i e s  show t h a t  approximately 50 percent  of exhaust system 
f a i l u r e s  occurred i n  the exhaust gas-to-air hea t  exchanger, r e s u l t i n g  i n  carbon 
monoxide gas  en t e r ing  t h e  cabin through the  a i r c r a f t  hea te r .  The presence of 
exhaust gases  i n  the cabin may e f f e c t  t he  general  e f f i c i e n c y  of the  p i l o t  by 
causing impaired mental a l e r t n e s s ,  judgment, and reasonina,  a l l  of which 
c o n t r i b u t e  to or cause t h i s  type of accident / incident .  

b. Approximately 20 pe rcen t  of exhaust system f a i l u r e s  occurred i n  the  
exhaust s t a c k  pipes, manifolds,  and tail p ipes ,  introducing carbon mnoxide  
gas ,  smoke, or f i r e  i n t o  t h e  cabin a rea .  

c. Aproximate ly  20 percent  of engine par t ia l .  power loss and power f a i l u r e s  
r e su l t ed  £run i n t e r n a l  muff le r  f a i l u r e .  Sheet metal b a f f l e s  and/or defusers  
u sua l ly  break of f  i n s i d e  t h e  muffler and m p l e t e l y  or p a r t i a l l y  block the  
escape of exhaust gases  from the  engine cy l inders .  The s e v e r i t y  of the  p e r  
loss is proport ional  t o  t he  ex ten t  of blockage. 
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a .  A primary reason f o r  mst exhaust system f a i l u r e s  is inadequate am? 
in£ requent insy?ections/checks and the  lack of r cu t ine  m6  reve en t i v e  maintenance 
between i n s p c t i o n s .  Exhaust systems d e t e r i o r a t e  f o r  the following r e m o ~ s  : 

(1) Engine w e r a t i n g  temperatures. 

( 2 )  Vibrat ion which causes metal f a t i que  in areas  of stress 
concentrat ion and wear a t  j o in t s  or connections. 

( 3 )  Engine hackfir ing and unburned fue l  i n  the muffler. 

Note: me above mnd i t ions  begin to take e f f e c t  the f i r s t  b u r  of engine 
opera t ion  and de t e r io ra t ion  progresses  through the l i fespan  of the 
exhaust sys ten  mmpnen t s .  

b. Indica t ion  of cracked or leaking exhaust systems can occur in  any area 
of  the system; however, the following a re  founc? k e  the mst p r m i n m t  probler; 
a r e a s  : 

(1) Exhaust manifold and s ~ a c k  f a t igue  f a i l u r e s  usua l ly  occur a t  w l d e d  
or clamp j o i n t s  (e .g . ,  exhaust s t ack  f lange,  s t ack  to manifold c ross  p i p s ,  o r  
muff ler  mnnec t ions ) .  

( 2  ) Yuff ler and heat-exchanger f a i l u r e s  i s u a l l y  occur cn the h n e r  
wa l l  surface.  F proper inspect ion can only k x c o n ~ l i s h e d  *en the outer  heat 
s h i e l d  is renoved. This inspect ion should ke accomplished as recomended by the 
manufacturer or by a properly c e r t i f i c a t e d  nechanic o r  repir s t a t i o n .  

e.  The m.mer/opxator of an a i r c r a f t  is made pr imar i ly  responsible  by 
Sect ion 91.165 of the Federal Aviation Regulations (FAR) P a r t  31 to s?e t h a t  
between requi re3  i n q - e c t i o ~ s  (e .g. ,  annual, p rogress ive ,  and 100-hour 
i n spec t ions ) ,  d e f e c t s  z re  repaired a s  prescr ibed in  FAR Par t  43. In the 
i n t e r e s t  of s a f e t y ,  omers /opera tors  should p r f o r m  d a i l y  p r e f l i g h t  inspect ions 
which include thorough v isua l  ex t e rna l  inspection/check. of the exhaust system. 

b. &cause of the design of some a i r c r a f t  mwlings,  an engine exhaust 
sys t en  may r o t  k e a s i l y  inspected/checked as needed. It is necessary t h a t  
t he  cowling(s)  be removed a t  f requent  i n t e r v a l s  (hours  of - rat ions)  t o  p r f o m  
a detailec! inspection/check. I4anufacturers s e rv i ce  b u l l e t i n s ,  information 
letters, and maintenance nanuals recommend *er. maintenance inspc t ions /checks  
should be ~erformeil .  Persons p r f o r m i n j  r d n t e n a n c e  and preventive maintenance 
should have this information ava i l ab l e  to them. Use of a high-intensi ty  l i g h t  
and te lescoping,  hinge-handle n i r r o r  is recomended to f a c i l i t a t e  a g o d  
inspection/check. 

c .  Visual ly insyect/check, in  d e t a i l ,  the following ex terna l  m p n e n t s  of 
the  exha us t sys  tern: 

(1) lluf f ler and heat exchanger f o r  general  a n d i t i o n  and leaks.  
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stacks, ba l l  

b a k i n g  exhaust s t ack  gaske ts  (blown gaske t s ) .  

Loose or broken clamp connections, attachments,  and s tacks .  

Cracked or broken s t acks  and tail  pipes.  

Dented s tacks .  

Cracks adjacent  to welded areas and s t a c k  bends. 

Thinning of j o i n t  areas due to v ib ra t iona l  wear. 

Metal p i t t i n g  due to i n t e r n a l  erosion by ocxnbustion products. 

Wrbo  supercharger fo r :  

(a)  Improper i n s t a l l a t i o n ,  including misa l igmen t  of exhaust 
j o i n t s ,  and/or connections which r e s u l t s  i n  abnormal w a r .  

( b )  Supercharger a s s m b l y  f o r  cracks and wear. 

(c) O i l  r e se rvo i r  f o r  improper serv ice .  

Note: In  add i t i on  to the above, the  f i r e w a l l  s e a l ( s )  should be 
c a r e f u l l y  inspected to assure  that the  exhaust gases  w i l l  not ., 
e n t e r  the cabin area. The engine m p a r t m e n t  should also be 
f r e e  of ocxnbustible mater ia l  and oil  to reduce the  p o s s i b i l i t y  
of a f i r e  hazard. 

d.  Exhaust l eaks  and/or cracks are indicated by a gray-white or sooty- 
black s t r e a k  or d i sco lo ra t ion  of t h e  hea t  interchanger  jacket.  When d e f e c t s  
are suspected, they  should be f u r t h e r  inspected by a q u a l i f i e d  person f o r  
a determination of whether it should be repaired or replaced. An excessive 
engine RPM drop noted during the  app l i ca t ion  of carbure tor  heat  is also an 
ind ica t ion  of a cracked or leaking hea t  exchanger. I f  t he  owner/operator has 
any ques t ions  on whether they can perform an inspect ion or r e p a i r ,  AC 43-12, 
Prevent ive Maintenance, should be reviewed and/or the l o c a l  FAA District Office 
should be contacted f o r  t h i s  information. 

e. Any time exhaust fumes are de tec ted  i n  the cabin,  imnediately shut  off  
t h e  cabin hea t  con t ro l ,  cpen a f r e s h  a i r  vent,  and land as soon as p r a c t i c a l .  
A thorough inspect ion of the  e n t i r e  exhaust system should be mnducted, 
e s p e c i a l l y  the muffler  and heat exchanger, i n  accordance with the manufacturer 's  
r econenda t ion .  Repair,  replacement, and inspect ion,  must be recorded per 
FAR 43.9 this record retained i n  accordance .with FAR 91, Section 91.173. 

D i r e c t o r  of Airworthiness  
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